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Exhumed Paleochannels in the Lower Cretaceous Cedar Mountain Formation near Green 
River, Utah* 

DANIEL R. HARRIS 
U ~ a h  Internatrunal, Inc. 

20 West 2950 South 
Salt Lake City, Utah 841 1', 

ABSTRACT.-The Cedar Mountain Formation southwest of Green River. Utah. 
contains four of the longest known Lower Cretaceous exhumed fluvial channels 
on the Colorado Plateau. 

Sediment transport direction was from the west-sourhwest, where Permian 
beds and possibly other Paleozoic units were being eroded from the Scvier up- 
lift. Some chert pebbles from the paleochannel conglomerates were derived 
from Permian rocks. They contain fragments  of bryozoans, echinoderms.  
brachiopods, and monaxial sponge spicules. 

T h e  paleochannels range in length from 4.5 k m  t o  8 k m  where a maximum 
width of 224 m was exhibited on channel C. Channel B, segment 5,  and chan- 
nel C, segment 6, both exhibir a bifurcation in the main channel course. 

T h e  paleorhannels a n  be divided in to  two  distinctive parts: po~nr -ba r  and 
channel-fill deposits. Point-bar deposits are found on the inside of channel In- 
flections and exhibir accretion ridges with a dip perpendicular t o  the sediment 
transporr direction of the channel fill. Channel fills rise 1.5 m t o  5 m above the 
point-bar deposits and commonly exhibit scour-and-fill structures throughout  
their vertical sequence. 

According t o  calculated values made with formulae derived by Schumm 
(1963. 1972). the four paleochannels were determined t o  have shallow gradient. 
averaging 0.28 m per km,  with a maximum annual discharge rate in channel C 
of 600 m'/sec. 

I N T R O D U C T I O N  

Four long, linear, conglomeratic sandstone-capped ridges 
and numerous shorter ridge segments are exposed in the bad- 
lands of the Cedar Mountain Formation southwest of Green 
River, Utah (fig. 1). They are exposed as some of the longest- 
known such ridges on the Colorado Plateau. Long linear ridges 
observed on the Colorado Plateau have originated from various 
types of rocks or structures: inverted valleys, dikes, fault escarp- 
ments, resistant upturned beds, and resistant fluvial deposits. 
Because of the present-day arid climate and limited plant cover 
over much of the Colorado Plateau, thick, masking accumula- 
tion of soil has been prevented. Because of deep and intricate 
erosion bv streams of the Colorado Plateau. excellent. three-di- 
mensional study of sedimentary bodies like these conglomerate- 
sandstone ridges is possible. 

Location 

The conglomeratic sandstone-capped ridges occur in sec- 
tions 19 to 29 and 32 to 34, T. 22 S, R. 15 E, in Emery County, 
Utah, on the Tidwell Bottoms and Green River, Utah, 30-min- 
ute topographic quadrangles. The ridge crests stand at an eleva- 
tion of approximately 1,370 m. 

Eastern sections of the ridges are located approximately 11 
km southwest of Green River, Utah. They are accessible via 
Canyonlands Road, a graded, dirt county road that leads south- 
ward from the center of the community of Green River, Utah. 
This road intersects the eastern half of one of the main ridges 2 
km north of Horse Bench Reservoir. From that point segments 
of the same ridge and another more southerly one are accessible 
via old claim-assessmefit roads. FIGURE I.-index map 

The western ridges are located 5 km southeast of the junc- 
tion of Interstate 70 and Utah 24, west of Green River, Utah, 
and north of Hanksville, Utah (fig. 2). Immediate access to the 
capped ridges is provided by an unmaintained dirt road which 
heads southeastward from the head of Jessies Twist on the old 
paved road that formerly connected Green River and Hanks- 
ville. This dirt road intersects the west end of the north- 
ernmost ridge approximately 2 km southeast from Jessies 
Twist. Several unimproved claim-assessment roads can be fol- 
lowed from here to nearly any conglomeratic sandstone ridge 
in the western part of the study area. 

Previous W o r k  

Lower Cretaceous beds on the Colorado Plateau were ear- 
lier described by Coffin (1921, p. 97) in southwestern Colo- 
rado. He proposed the term "post-McElmo" for several units 
between the McElmo and the Dakota Formations. These units 
were later renamed the Burro Canyon Formation by Stokes and 
Phoenix (1948) from exposures in Burro Canyon, San Miguel 
County, Colorado. Stokes (1944, p. 966-67) earlier, however, 
used the Cedar Mountain Formation to refer to variously col- 

*A rhcsr prrlcnrcd ro rhc Dcparrmcnr of Gcology, Brtghnm Y w n g  Unlvcrriry, I" p r r i t l  fulfillmcnr of rhc rcqulrcmcnrs for rhc d g r c c ,  Msrrcr of Sclencc, Augusr 1979 Thcrlr chalrmrn J Krirh Rlgby 
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ored Lower Cretaceous mudstone beds between the Buckhorn 
Conglomerate and the Dakota (?)  Sandstone. The mudstone 
sequence is at nearly the same stratigraphic position :is the Bur- 
ro Canyon Formation. The  type section and locality of the Ce- 
dar Mountain Formation are on the southwest flank of Cedar 
Mountain, Emery County, Utah, immediately north of Buck- 
horn Reservoir. Stokes (1944, p. 989) recommended that the 
Lower Cretaceous Buckhorn Conglomerate and the Ccdar 
Mountain Formation be combined in the Cedar Mountain 
Group. However, upon subsequent observations of the Buck- 
horn Conglomerate, Stokes (1952, p. 1774) realized that it was 
discontinuous and generally too thin to  map. H e  then recom- 
mended that the Buckhorn Conglomerate be considered only 
as the basal member of the Cedar Mountain Formation. 

Because the  Burro  Canyon Formation and t h e  Cedar 
Mountain Formation are approximately time-equivalen t units, 
the lower Cretaceous varicolored mudstones east of the Colo- 
rado River are considered to be Burro Canyon Formation and 
those west of the river within the Ccdar ~ b u n t a i n  Formation. 
These outcrops of concern in the present study arc included in 
the Cedar Mountain Formation. According to  Stokes (1952, p. 

1774) only in outcrops near Dewey, Grand County, Utah, arc 
the two formations in physical continuity. 

The Burro Canyon and Cedar Mountain Formations corrc- 
late with the Kelvin Formation in north central Utah (Trimblc 
and Doelling 1978, p. 69). Trimblc and Doelling (1978, p. 
68-72) rcccntly described the Cedar Mount:iin Formation in 
their study of uranium and vanadiun~ deposits in the San Ra- 
fael mining arca, in Emery County, Utah. a short distance 
northwest of the present study :irea. They included several m a -  
sured sections of the Cedar Mountain Formation and provided 
a general description of the various units within the formation. 

The  linear conglomeratic sandstone lenses in the Cedar 
Mountain Formation have reccived little der;iiled attention. 
Only a few geologists have mentioned them. In a study of the 
Dakota Group of the Colorado Plateau, Young (1960, p. 
158-69) briefly describctl some of the characteristics of thc 
channel deposits and illustrated their areal extent. Stokes (1961, 
P 168-69), in a paper on fluvial and aeolian processes, showed 
an areal photograph and related photographs of the con- 
glomeratic sandstone channel fills in parts of the Ced:ir Moun- 
tain Formation southwest of Green River, Utah. 



E X H U M E D  PALEOCHANNELS,  C E D A R  h l O U N T A I N  F O R M A T I O N  

Derr (1974) described exhumed fluvial channel fills in the 
Brushv Basin Member of the Morrison Formation. These Mor- 

S T R A T I G R A P H Y  

rison channels are located 8 km northwest of the study area, All exposed consolidated rock units in the thesis area are 
immediately east of the junction of Interstate 70 and Utah 24. sedimentary rocks deposited during the Mesozoic Era (fig. 3). 
Derr's study documented three short channel-fill segments, two The oldest rock unit of concern in the present study is the Ju- 
of which are genetically related and were considered to be 
ooint-bar deoosits. The  third channel fill is an isolated seement 
1 0 

and has bedload fluvial characteristics. 

Mcrhodh 

Mapping and fieldwork were conducted during the summer 
and fall of 1978 and in the winter of 1979. Current directions 
from cross-bedding and dips on accretion ridges were deter- 
mined by the use of a Brunton compass. A 50-m fiberglass tape 
was used to measure thickness and widths of the conglomeratic 
sandstone ridges. Topographic maps and aerial photographs 
were used in mapping the study area and for the preparation of 
plan view illustrations. Twenty thin sections were prepared 
from several rock samples to  determine composition for the 
ridges. 
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G E O L O G I C  SETTING 

Continental sediments which produced the sandstone and 
conglomerate in the Cedar Mountain Formation and related 
sediments were derived from the Sevier geanticline (Stokes 
1972, p. 25). The Sevier geanticline was an orogenic belt that 
began to rise and become a positive area in Late Jurassic time. 
I t  was during this time that stream-laid sands and gravels were 
deposited east of the Sevier Highlands on floodplains west of 
the advancing Cretaceous sea. Deposition of these stream-laid 
sediments continued from Late Jurassic (Morrison Formation) 
to Early Cretaceous time when the Cedar Mountain Formation 
accumulated. According to  Trimble and Doelling (1978, p. 69) 
the fluvial and lacustrine environments that were responsible 
for the Brushy Basin Member of the Morrison Formation are 
similar to those that produced the Cedar Mountain Formation. 

The last epicontinental sea that covered parts of Utah occu- 
pied the eastern part of the state in Late Cretaceous time. This 
seaway extended northwestward from the Texas area into east- 
ern Utah (Hintze 1973, p. 67). The Cretaceous sea was limited 
in its westward spread by highlands and deltaic deposits of the 
Sevier orogenic belt. Cedar Mountain beds were deposited 
along the western margin of the Lower Cretaceous phase of the 
marine invasion and were buried by Late Cretaceous marine 
clays and mudstones in the later phase of the invasion. 

Today the area of study lies within the northern end of the 
Canyonlands section of the Colorado Plateau, a short disrance 
east of the eastern flank of the San Rafael Swell. This general 
area, according to Trimble and Doelling (1978, p. 77), shows 
influences of three tectonic units: the San Rafael Swell, the 
Uinta Basin, and the Paradox fold and fault belt. Rocks in the 
thesis area dip 3-5" to the northeast into the southern part of 
the Uinta Basin. FIGL,RI;  3 - S t ~ ~ c ~ g r , ~ p t ~ i c  ~ o I u ~ n [ i  
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rassic Morrison Formation. The  Brushy Basin Member of the 
Morrison Formation is exposed in a belt south of the Cedar 
Mountain beds in the southern part of the thesis area (fig. 4).  
The Brushy Basin Member is overlain by the Lower Cretaceous 
Cedar Mountain Formation which includes the basal Buckhorn 
Conglomerate and an overlying Cedar Mountain shale member. 
I t  is with the shaly upper Cedar Mountain beds that the thesis 
is primarily concerned. The  Dakota Formation is exposed as 
discontinuous lenses above the Cedar Mountain Formation and 
is overlain by the Tununk  Member, the basal shale member of 
the Mancos Shale. The  youngest unit exposed in the immediate 
thesis area is the Ferron Sandstone Member of the Mancos For- 
mation. Because of a gentle northward dip, younger rock units 
in the thesis area are progressively exposed toward the north. 

Morr~son Formation 

The Morrison Formation has four regionally recognized 
members: Salt Wash, Recapture, Westwater Canyon, and 
Brushy Basin Members. Only the Brushy Basin and the Salt 
Wash Members of the Morrison Formation are recognized in 
the Green River-San Rafael area (Hintze 1973, p. 156; Trimble 
and Doelling 1978, p. 62). Only the Brushy Basin Member is 
exposed in the thesis area although Salt Wash beds crop out  
farther south and northwest. Outcrops of Brushy Basin beds 
form an irregular badland-margined cuesta south of the Cedar 
Mountain Formation. 

According to Trimble and Doelling (1978, p. 62), the 
Brushy Basin Member is composed mainly of claystone, mud- 
stone, siltstone, and shale. This member, perhaps more than 
any other, is typically varicolored with bands of reds, purples, 
grays, and gray greens. I t  weathers to a popcornlike surface, 
produced by weathering of the interbedded bentonitic argil- 
laceous beds, and forms rounded hills and intricately carved 
badlands. 

The  Brushy Basin Member, like most other units in the 
Morrison Formation, was formed by mainly fluvial processes 
that  produced extensive floodplains dur jng L a t e A ~ u r a s s i c  
(Stokes 1944, p. 987). Some lake deposits also accumulated on 
part of the floodplains. T h e  contact of the Brushy Basin Mem- 
ber of the Morrison Formation with the overlying Cedar 
Mountain Formation marks the boundary between the Jurassic 
and Cretaceous Systems, according to Stokes (1952, p. 1769). 

Cedar Mountain Formation 

The Cedar Mountain Formation crops ou t  in central, east- 
ern, and northeastern Utah. Some of the most prominent expo- 
sures are those located in the type area and elsewhere around 
the San Rafael Swell. 

The  Cedar Mountain Formation consists of two members, 
the basal Buckhorn Conglomerate and an overlying unnamed 
shale member, in which the conglomerate lenses of the present 
study lie. The Buckhorn Conglomerate is thickest t o  the north 
around the San Rafael Swell, with a maximum thickness of 9 
m, and pinches out  toward the southwest. The  shale member 
of the Cedar Mountain Formation has an average thickness of 
49 m but  varies between 44 m and 56 m in the eastern San 
Rafael Swell district (Trimble and Doelling 1978, p. 69), a few 
miles west of the present study area. 

The contact between the Cedar Mountain Formation and 
the Brushy Basin Member of the  Morrison Formation is 
marked in many areas by the Buckhorn Conglomerate, which 
lies disconformably over the Brushy Basin beds. The  Buckhorn 
Conglomerate is composed of sand- and pebble-size fragments 

of chert, quartzite, and other terrigenous material in the area of 
study and becomes a tan gritstone in the southernmost expo- 
sures in the San Rafael district (Trimble and Doelling 1978, p. 
68). 

Many workers have pointed out  the similarities between 
the Brushy Basin Member of the Morrison Formation and the 
younger shale member of the Cedar Mountain Formation. O n e  
of the more obvious features is the colored banding of both 
units, but the Cedar Mountain Formation shows more faded or 
ashy-appearing outcrops and banding is less prominent. Sim- 
ilarities between the Brushy Basin Member of the Morrison 
Formation and the Cedar Mountain Formation, according to 
Stokes (1944, p. 981), possibly may have been produced from 
reworking of Brushy Basin shales into the Cedar Mountain 
 orm mat ion. 

The  shale member is composed principally of siltstone, 
shale, and mudstone, with minor sandstone and limestone. Ac- 
cording to  Trimble and Doelling (1978, p. 68), the siltsrone, 
shale, and mudstone are commonly bentonitic and form the 
bulk of the member. In some areas, the shale member forms 
intricate badlands, but generally it erodes to soft gentle hills 
where unprotected by overlying resistant beds. 

Fluvial and lacustrine processes similar to those that depos- 
ited the Brushy Basin Member of the Morrison Formation con- 
tinued into ~ b w e r  Cretaceous time and deposited the Cedar 
Mountain shale member. Evidences of fluvial environments are 
preserved in the Cedar Mountain shale as conglomeratic sand- 
stone channel segments. These conglomerate lenses are fairly 
extensive at several horizons in the area of study (Young 1960, 
p. 158-65; Stokes 1944, p. 967). Many of the conglomerate 
sandstone deposits now stand as elongate ridges because the en- 
closing softer floodplain mudstones were eroded away. Details 
of these conglomerate lenses will be presented later. 

The Cedar Mountain Formation is considered to be Lower 
Cretaceous, on the basis of fossils reported from the upper part 
of the formation by Stokes (1944, p. 966) and Katich (1951). 

Dakota  Formarlon 

The Dakota Formation is a thin, discontinuous sandstone 
in the thesis area (fig. 4). I t  is largely missing in the area be- 
tween the east flank of the San Rafael Swell and the Green Riv- 
er. Scablike remnants mapped by Trimble and Doelling (1978, 
p. 72) crop out  immediately north of the linear conglomerate 
;idges of ;he thesis area, at 'the southern edge of a sibsequent 
valley carved in the Mancos Shale. The areal extent of outcrops 
of the Dakota Formation is less than 8 ha (20 acres) in the area 
of primary concern (fig. 4). The Dakota Formation lies dis- 
conformably upon the underlying Cedar Mountain Formation 
and represents fillings of shallow scours. The upper contact 
with the  Mancos Shale varies f rom gradational t o  dis- 
conformable. 

The Dakota Formation is the basal deposit of the trans- 
gressive Mancos sea (Lawyer 1972, p. 90; Hintze 1973, p. 67; 
Trimble and Doelling 1978, p. 73). In the general area of this 
study the Dakota Formation appears to  be fluvial (Trimble and 
Doelling 1978, p. 73). 

The Mancos Formation overlies the Dakota Formation (fig. 
4) and, in many areas surrounding the San Rafael Swell, also 
locally disconformably overlies the Cedar Mountain Formation. 
The Mancos Shale weathers to low ridges and mounds. 

Several tongues of interfingering sandstone and shale were 
deposited near the oscillating western shoreline during Mancos 



FIGURE 4.-Geolog~c map showing current direction toward lncreaslng channel segmenr numbers. LA 
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time. Characteristic eastward regressions are represented by the 
Ferron and Emery Sandstone Tongues, and westward trans- 
gressions are represented by intervening shale tongues of the 
Mancos Shale. 

The Mancos Formation crops ou t  north of the Cedar 
Mountain belt. The Ferron Sandstone Member forms a cuesta 
which extends east-west across the northernmost part of the 
area of study. The Ferron Sandstone cuesta is offset by several 
normal faults that strike northwestward through the escarp- 
ment. 

CHANNEL CLASSIFICATION 

The conglomeratic sandstone-capped ridges in the Cedar 
Mountain Formation are similar to the conglomeratic sand- 
stone and sandstone deposits found in the Salt Wash Member 
of the Morrison Formation. The Morrison Formation has lone " 
been interpreted as an extensive fluvial accumulation (Mook 
1916; Baker, Dane, and Reeside 1936; Stokes 1944). Since the 
Morrison and Cedar Mountain Formations are a result of sim- 
ilar environments, as concluded by Trimble and Doelling 
(1978, p. 69), the conglomeratic sandstone-capped ridges in the 
Cedar Mountain Formation are also probably of fluvial origin. 
Stokes (1944, p. 967; 1961, p. 166-69) and Young  (1960, p. 
158-65) briefly investigated the conglomeratic sandstone- 
capped ridges and from their studies concluded that they are 
predominately fluvial in origin and represent exhumed channel 
fills. 

The conglomeratic sandstone ridges in the Cedar Mountain 
Formation are termed paleochannels or simply channels. Accord- 
ing to Stokes (1961, p. 165) the term channel:efers to a body of 
clasric material, regardless of size and shape, generally sandstone 
and/or fine conglomerate, originally deposited by rapidly flow- 
ing water in an ancient stream course, which has inrernal struc- 
tures indicating the direction of sediment transport. 

O u t c r o ~ s  of the Cedar Mountain Formation conelomeratic 
0 

sandstone-capped ridges consist chiefly of paleochannel fills that 
are resistant enough to be exposed in various stages of exhuma- 
tion. 

Observations on channel dimensions, patterns, sedimentary 
structures, lithology, and vertical sequence of rock bodies in 
the thesis area will be discussed in the following sections. 

CHANNEL DIMENSIONS 

The exhumed paleochannel fill deposits of the thesis area 
occur as several segments of four major, but discontinuous, 
channel fills (fig. 4). A channel segment, as the term is used in 
this paper, is any conglomeraric sandstone channel f i l l  body ex- 
ceeding 30 m in length. Sandstone bodies less than 30 m long, 
which appear to be in place, are referred to as channel remnants. 
The channel segments commonly occur as plano-convex lenses 
of various lengths and widths. Some identified segments are as 
little as 5 m wide but  expand to 224 m across in the southern 
part of the thesis area. 

Three channel-ridges extend approximately 12 km east and 
west parallel to the Cedar Mountain Formation outcrop belt 
and lie within a strip approximately 5 km wide (fig. 4). A 
fourth and shorter channel trends generally north-south across 
the outcrop belt although the northernmost part swings to the 
northeast. 

Originally the channel fills were surrounded and covered by 
softer floodplain shale and siltstone of the Cedar Mountain For- 
mation, but now nearly all the floodplain material has been 
eroded away from the sides of the channel fills and intervening 
areas. The channel fills rest on top of protected older Cedar 

Mountain shales and siltstones and have an average local relief 
of approximately 18 m. 

('I~anncl A 

Channel A (fig. 4) lies in the northwestern part of the 
thesis area, approximately 3.2 km southeast from Jessies Twist. 
Channel A has been divided by erosion into 5 segments, sepa- 
rated by as little as 128 m or as much as 643 m. The channel 
has a maximum preserved length of 4.5 km and trends east- 
west. The maximum ex~osed  width is at the west end of see- " 
merit 2 ,  where it expands to approximately 81 m (fig. 4). The 
narrowest point of the channel fill is located between segments 
3 and 4 where five channel remnants stand. The westernmost 
remnant is 7.6 m to 9 m wide. 

The  longest preserved segment of channel A is segmenr 1 
(fig. 4), which is approximately 1 km long. I t  stands at the 
westernmost end of the study area. The  western end of seg- 
ment 1 terminates abruptly and overlooks the Brushy Basin- 
produced escarpment in the Morrison Formation. 

The south side of segmenr 2 of channel A, approximately 
96 m east of its western tip, has a maximum thickness of 9 m. 
O n  the opposite side of this segmenr the fill is only 2 m thick. 
Thicknesses of all channel segments throughout the study area 
pinch and swell, and in some areas thickness is impossible to 
measure because of enclosing floodplain material and younger 
soil cover. 

Two  earlier channel segments have been cut across and 
truncated at  approximately 90" degrees by channel A, segment 
2, on the north side of the channel (fig. 4) .  Continuations of 
the two older channels have been lost on the south side of seg- 
ment 2 because of erosion. 

Channel B is the loneest of the four maior ~aleochannels 
in the study area. I t  mgsures  approximateiy 8 'km along a 
straight line from its westernmost preserved point to the east- 
ern end of the fill. Channel B is 10 km long, as measured along 
its course. Segment 5 of channel B (fig. 4) is the longest con- 
tinuous segment in the thesis area. I t  extends east-west for 3 
km. The thickest point on the channel is in the eastern part of 
segment 5, on the south side, where the conglomeratic fill is 11 
m thick. T h e  widest point is at the northwestern end of seg- 
ment 6. where the   reserved channel is 128 m wide. 

 he westernmdst end of channel B is truncated by channel 
D .  Any more projected extensions of channel B to the west 
have been removed by erosion. 

Several channel remnants stand between segments 1 and 2 
and segments 3 and 4. It is at these points that the preserved 
channel fill narrows to a width of 4.6 m. Access to these chan- 
nel remnants is difficult because of their vertical walls and the 
soft, steeply eroded shales beneath. 

The  eastern end of segment 5 bifurcates, with the more 
narrow fill trending at  an angle to the main wider course. The 
main fork of the channel trends N 35' E, and the narrower 
segmenr trends N 80" E (figs. 4, 5). These two channel fills 
become parallel along segment 8. 

The  easternmost end of segment 7 comes to an abrupt end 
in a fault zone approximately 38 m above the Brushy Basin es- 
carpment which overlooks the Green River. 

Channel C is the southernmost paleochannel, running par- 
allel to the edge of the Brushy Basin escarpment. The max- 



imum length of the channel is 6.4 km, and it trends N 80' E. 
Segment 1 includes the maximum exposed width and thickness 
of any fill found in the thesis area: Approximately 224 m across 
at  midlength and 15 m thick at  the southern point of the seg- 
ment. 

Approximately 1.6 km separate segments 3 and 4 and seg- 
ments 5 and 6. These are the greatest distances separating iden- 
tified related channel segments in the thesis area. 

Segment 6 also shows bifurcation of the channel and is 
similar to the eastern end of segment 5 of channel B. These 
two courses of channel C trend N 70" E and N 89' E at their 
easternmost ex tensions. 

Channel D is separated into six discontinuous segments 
(fig. 4). Segment 6 is 1.9 km long and is the longest portion of 
the channel. It trends generally north-south, bur the northern 
part swings to the northeast and disappears beneath younger 
beds in a hill. Immediately south of the hill the channel widens 
to approximately 128 m, nearly twice the average width of the 
channel remnant to the south. I t  narrows to  39.6 m wide at  its 
southern termination, immediately above the Brushy Basin es- 
carpment. The average thickness of segment 6 is consistently 
about 7.6 m along the western edge of the channel. 

CHANNEL PATTERNS 

Channel patterns, according to Leopold and Wolman 
(1957, p. 39), are used 'to describe the plan view of a river as it 
would be seen on aerial photographs. Leopold and Wolman 
(1957) have classified river channel patterns into three major 
categories: meandering, straight, and braided. Classifications of 
streams and other natural phenomena, according to Schumm 
(1963, p. 1089), are arbitrary, and attention is thus focused on 
the extreme end members or more naturally occurring state of 
the natural phenomena. In the classification of river channel 
patterns the very sinuous stream, the straight stream, and the 
stream that contains islands are generally studied, and transi- 
tional patterns are neglected. Such a conclusion is supported by 
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Leopold and Wolman (1957, p. 59), who conclude that transi- 
tional channel patterns do  exist and show a continuum of 
channel patterns. Schumm (1963) further divided Leopold and 
Wolman's (1957) meandering and straight channel patterns 
into five classes. They are, in terms of decreasing sinuosity, tor- 
tuous, irregular, regular, transitional, and straight. Since there 
is n o  demarcation existing between the types of river patterns, 
Schumm (1963, p. 1W0-91) defined limits of patterns by a 
measure of sinuosity (ratio of channel length to valley length) 
and arbitrarily assigned each of the preceding classes to a specif- 
ic range of sinuosities. 

Stream patterns described in terms of sinuosity have been 
used by Lane (1957) and by Leopold and Wolman (1957). 
Moody-Stuart (1966, p. 1102) added a braiding factor to 
Schumm's channel pattern classification. They used the term 
low sinuosity to replace braided or straight streams because the 
term braihd has-been used on stream patterns from mean- 
dering rivers with a few islands to highly anastomosing glacial 
outwash streams. Moody-Stuart (1966, p. 1102) also used the 
braiding index of Brice (1964) and sinuosity ratios to develop a 
new classification. This means a high-sinuosity river with a 
braiding index of zero is simply a "high-sinuosity river". Varia- 
tions can then be described between high- and low-sinuosity 
rivers when combined with a braided index. 

Braided and meandering streams, according to  Leopold and 
Wolman (1957, p. 59). are very different but  represent end 
members in an uninterrupted range of channel patterns. River 
braiding is characterized by division around alluvial islands or 
the anastomosing of channels by bars of alluvium (Brice 1964, 
p. 27). According to Coleman (1969, p. 145), one alluvial is- 
land is sufficient to classify a channel as braided, but generally 
several islands are found between channel banks. Meandering 
channels expressed on plan view show more or less regular and 
repeated inflections in the channel patterns, with point-bar de- 
posits on the inside of the channel inflection. 

Natural channels and experimental flume channel studies 
exhibit alternating pools and riffles or shallow reaches in vir- 
tually all types of channel patterns. In meandering streams, 
pools are located very near the concave bank, generally opposite 
denosits of lateral accretion. Channel areas between the points 
of maximum inflection of meander bends are generally straight 
and are called reaches (Coleman 1969, p. 150). 

Meandering and braided channels are easily found and illus- 
trated from the field, but  straight channels, according to  Leo- 
pold and Wolman (1957, p. 53). are rare among natural rivers 
and may really be nonexistent. Many channels, n o  matter in 
what classification, tend to have short segments or reaches that 
may be considered straight. A generalization most workers 
agree upon is that channel reaches which are straight for a dis- 
tance exceeding ten times the channel width are rare. 

Paleochannel patterns in the study area exhibit regular 
bends or inflections along each of the four major channels. 
Bends occur as both smooth arcuate reaches and elbow bends 
ranging between 90' and 150'. The channels do not form large 
meander loops like those exhibited along the lower reaches of 
the Mississippi River near New Orleans and along the Green 
River in Wyoming and Utah. The Cedar Mountain channels 
tend to show broad bends of low sinuosity, amplitude, and 
wavelength. Straight channel reaches are exhibited in channels 
A, B, and D, but channel C exhibits arcuate patterns in all seg- 
men ts. 

Braiding does not appear to beexpressed in any of the pre- 
served segments in the study area. According to Shelton and 
Noble (1974, p. 742), the Cimarron River at Perkins, Okla- 
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homa, resembles both a meandering stream at bank-full stage 
and a braided stream at low-flow stage. As Russell (1954, p. 
366) pointed out, braided and straight reaches both exist in the 
Meander River in Turkey, where the term meandering was de- 
rived. Possible periods of braiding may have existed in channels 
of the Cedar Mountain Formation, but  the four major paleo- 
channels of the thesis area, as they are preserved today, appear 
to have been the result of meandering streams. 

Sinuosity 

Schumm (1963, p. 1090-91; 1977, p. 115) developed a clas- 
sification of five channel patterns from a study of sinuosity of 
alluvial rivers of the Great Plains. These patterns range from a 
sinuosity ratio of the straightest channel-with only slight ir- 
regularly repeating bends and a ratio of 1.05-to the opposite 
extreme-a highly sinuous stream, with a ratio of 2.1. The  low- 
sinuosity stream study by Schumm appears to best represent 
the channel patterns in the study area. The  channel patterns are 
more or less irregular t o  regularly repeating meander bends. 
The meander bends appear to be flattened and somewhat de- 
formed. Smooth, sinuous, systematically repeating meander 
loops are absent. 

Sinuosity ratios of the four major paleochannels in the 
study area range between 1.2 and 1.5, which would classify 
them as low-sinuosity, transitional to regular channel patterns. 
Rivers that show similar channel sinuosity patterns are the 
South Loup River near St. Michael, Nebraska, with a ratio of 
1.5; and the North  Fork of the Republican River near Ben- 
kelman, Nebraska, with a ratio of 1.2. 

POINT-BAR A N D  CHANNEL-FILL DEPOSITS 

Aerial photographs of the four major paleochannels display 
areas of short arcuate ridges on the surface of the channels. 
They were produced by the lateral accretion of sediment and 
are called point-bar deposits, found on the inside of channel 
bends. They appear to be regularly spaced along channels A, B, 
and D (figs. 6, 7, 8). Because of extensive erosion of channel C, 
it is impossible to  determine regularity in point-bar spacing 
(fig. 9). The lower relief of the point-bar deposits as compared 

to fillings of the reaches may be due to  more active erosion on 
the dipping point-bar beds, as compared to the more horizontal 
beds in the channel fills. 

Point-bar deposits are found on all four major paleochan- 
nels on the concave side of channel inflections which generally 
occur at regular intervals. According to Allen (1965, p. 115), 
construction of point-bar deposits is connected with the pat- 
tern of water flow in a curved channel. Leopold and Wolman 
(1960) summarized that flow pattern in a curved channel is 
helicoidal, and surface water is higher on the outside of the 
concave bank. In the curve portion of a stream there is a down- 
stream velocity component-and a weaker sideways component. 
The sideways velocity has two components, one at the water 
surface toward the outer bank and one at the stream bed to- 
wards the convex bank over the gently shoaling point bar (Al- 
len 1965, p. 116). Because of the helicoidal flow patterns, mace- 
rial eroded from the steep outer bank will tend to be deposited 
downstream on the next point bar. The  mechanisms respon- 
sible for the accumulation of a point bar, according to Allen 
(1965, p. 116), are cross-channel bed flow and a decline in flow 
in tensity toward the convex bank. 

Point-bar deposits found in channels B, C, and D exhibit 
coarser-grained sediments than the sand-size material in the 
point bars of channel A. Coarse sediments in the point bars of 
channels B, C, and D regularly fine upward but appear to be 
irregular in the channel fills. Allen (1965, p. 116) referred to 
Fisk (1947) and Leopold and Wolman (1960), who concluded 
that some point bars with coarse sediments are produced by 
more rapid lateral bottom flow which tends to carry coarse 
sediments from the channel deeps to relatively high positions 
on the point bar. 

Most of the point-bar deposits in the area of study exhibit 
arcuate ridges with dips perpendicular to the direction of the 
major channel flow (fig. 10). Dips on the accretion ridges 
range from 1" to  40". 

The  point-bar deposits of channels A, B, C, and D general- 
ly have low relief, they do  not form steep vertical walls, and 

FIGURE 6 -Map of channel A ,  segment 2 Rose d ~ a g r ~ m s  show scd~rncnr rransp(,rt direction along channel wgmcnt.; Number  1mmcd1.1rclv bclow dnd t o  r ~ g h r  of 
rose diagrams is number o f  directional features measured. Stippled areas represent point-bar depos~r \  
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FIGURE 7.-Map of channel B, segments >, 6, 7, and 8. Note bifurcation of seg. 
ment > .  FIGURE 8.-Map of channel D, segment 6, and westernmost end of channel B 
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they consist commonly of finer-grained sediment than that in 
the main channcl course (fig. 11). 

Channel Fills 

The channel fills appear to  have a more or less constant 
width along their lengths, except where recent erosion and un- 
dercutting have narrowed the channel remnants. The  erosional 
contact at the base of the channels on the Cedar Mountain ~ - -  

Shale appears to undulate. Pinching and swelling in channel 
thickness appear to correspond to pools and riffles found in 
modern stream channels. Thick channel-fill deposits are com- 
monly found opposite point-bar deposits, and thin channel-fill 
deposits occur along straight reaches between channel bends. 
The channel-fill deposits generally erode to produce steep verti- 
cal walls (fig. 12). Parts of channels A and B have been signifi- 
cantly undercut to expose the concave bases of the channels. 
The  reserved channel fills eenerallv extend the c o m ~ l e t e  " 
length of each channel segment. 

SEDIMENTARY STRUCTURES 

Several sedimentary structures, both primary and dia- 
genetic, are found on and within the paleochannels. Primary 
sedimen tary structures have been studied because they indicate 
factors controlling sediment deposition, flow direction in paleo- 
channels, and types of ancient environments. Diagenetic struc- 
tures arc secondary changes that occurred in the sediment after 
deposition. 

P r ~ m a n ,  Srructures 

Primary sedimentary structures present in the four major 
paleochannels are trough cross-bedding, planar (tabular) cross- 
bedding, horizontal bedding, climbing ripples (ripple laminae), 
scour-and-fill deposits, and graded bedding. Trough cross-bed- 
ding (fig. 13) is the most common sedimencary structure pres- 
ent in the conglomeratic sandstone channels. According to 
Harms and Fahnestock (1965, p. 93) trough cross-beds have 
curved surfaces of erosion. Trough cross-bedding is considered 
to be one of the most reliable and precise paleocurrent in- 
dicators (High and Picard 1973, and Dot t  1973) because of the 

elongation of the trough axis and inclination of cross-strata. 
Trough cross-beds are present in nearly all segments of the 

major paleochannels but appear to be extensive in channel B. 
Trough cross-beds are commonly recognizable in cross-sections 
along vertical sides of the paleochannels. Here current direction 
is difficult t o  measure because of the two-dimensional view of 
the cross-beds. Trough cross-bedding on several channel seg- 
ments tends to dominate the sedimentary structures visible on 
the surface of the channels. 

Planar cross-bedding (fig. 14) is present on all the major 
paleochannels but is particularly well exposed on the south side 
of channel A, at the western end of segment 2. At this point 
the channel bends to the south and then to the northeast. 
Along the southern part of the bend, planar cross-beds are ob- 
served on the surface of the channcl and for approximately 2 m 
down the steep side of the channel fill. The planar bedding is 
commonly found dipping towards the center of the channel, 
perhaps because of weak lateral current flow on curved reaches 
of a channel, where cross-beds may have been deposited at low- 
flow stage where flow tended to conform to the concave chan- 
nel bottom. Harms and Fahnestock (1965, p. 95) point out  
that planar cross-beds have bounded surfaces of cross-strata 
which are planar and parallel and are not  bounded by trough- 
like erosional surfaces. The thickness of the planar cross-beds 
on the channels in the study area range from a few millimeters 
to 7 or 8 cm. 

Ripple marks are rarely found on the paleochannels of the 
Cedar Mountain Formation. Stokes (1961, p. 168) also reports 
that ripple marks in sandstone channels of the Salt Wash Mem- 
ber of the Morrison Formation are relatively rare. Ripple marks 
are generally transverse to the current direction in relatively 
slow-moving water and are found throughout various depth 
ranges. 

Climbing ripples (ripple lamination) form from the down- 
stream migration of ripple marks under maximum sediment 
loads. They were observed along several segments of the major 
paleochannels. McKee (1965, p. 66) pointed out that ripple la- 
minae are internal sediment structures, and ripple marks are 
generally surface forms. For example, climbing ripples (fig. 15) 

FIGURE 9.-Map of channel C, segments 2 and 3. showing current direcr~on and rhickncss, In meters, along prrlmcrer of scgmcnrs 
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are well exposed at  several isolated locations along the west side 
of channel D, segment 6. 

Scour-and-fill deposits are found throughout the channel 
sequence in every channel segment in the study area. Channel 
fills essentially grow from the process of scouring and deposi- 
tion of sediment. All the channels in the study area exhibit len- 
ses of pebble conglomerate filling scours in sandstone (fig. 16). 
These conglomerate lenses range from a few centimeters wide 
and deep to  approximately 5-6 m wide and 4 m deep. 

Examples of graded bedding can be found at nearly any lo- 
cality on the major paleochannel. Beds show gradation in grain 
size from coarse below to  fine above. Graded beds are present 
in nearly every sedimentary structure (fig. 17) discussed in this 
paper. Channels B, C, and D exhibit several major sequences of 
fining upward in the channels. Channel D, segment 6, shows 
as many as 6 major fining-upward sequences in the point-bar 
deposits. Channel A is different, however, because only one ma- 
jor coarsening-upward sequence occurs there. The  channel fill is 
a single sequence from bottom to  top. 

FIGURE 10.-Accretion ridge. which dips n) the north. on a point-bar deposit in 
channel D. segment 6. 

Sccondan. Structures 

Secondary structures occur in isolated areas throughout the 
major paleochannels. They occur within the channel fills and 
are principally iron-oxide concretions and silica crusts and 
structures. 

Iron-oxide concretions are commonly present in sandstone 
but less commonly developed in the conglomerates. These con- 
cretions form spherical nodules that range in size from a few 
centimeters to approximately 0.7 m in diameter and are found 
as isolated spheric clusters along the surface of the channel fills. 
The nodules are limonite, with a distinctive yellow color. The 
limonite increases in density toward the center of each nodule. 

Silica contributes to  the formation of secondary structures 
common to all paleochannels in the thesis area. The silica 
bodies and the irregular silica crust have similar origins but 
form different structures. They form by chertification and silici- 
fication of grains and pebbles. Cementation appears to have an 
affinity for certain sedimentary structures and rock horizons. 
Most of the structures may have formed as a result of precipi- 
tation from fluids that could penetrate in areas of increased 
porosity and permeability in the channel, causing cementation 

FIGURE I l.-Tvpical en)sional surhcc of point-b:tr dcposit. I ~ d g c s  arc :Ipprox- 
irnately 2 rn thick. Compl rc  with figure 12. 

F IGURE 1 2  -Ty~>i~ : l l  irrcguI:~r hl\itl crosl,)n s u r f : ~ ~ e  of 11i.11incI-fill cIcl~o\~t \ .  A]'- 
proxlrn.ttc thickncsr I I ~  ~h.ttlncl till. channcl C ,  scgmcnt 1. 15 m. 
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FIGURE 13.-Twugh cross-beds typical of all channel segments of studv area 

to cross sedimentary structures and rock boundaries. The major 
part of the paleochannels have calcite cementing, and in some 
areas on the paleochannels gradation can be recognized be- 
tween calcite and chert. The silica cementation of grains and 
pebbles becomes hard and appears much like vitreous quartzite. 

Silica bodies are lense shaped in cross section that appear to 
zigzag laterally through selected parts of the channel fill (fig. 
18). These structures may be as large as 6 m wide and 1 m 
thick and extend up  to 46 m long. The surface of nearly all the 
channel segments is littered with the remnants of chert-ce- 
mented sandstone from the silica structures. These siliceous 
bodies are found throughout the vertical sequence of the paleo- 
channels, both in the point-bar deposits and the channel fills. 

Silica crusts are similar to the silica bodies in composition 
but do not form any observable type of structure. They appear 
to cement several sets of cross-strata at  one time and are gener- 

FIGLIRE 15.-Climbing ripples exposed in point-bar deposit in channel D. wg- 
mcnt 6. 

ally present at  or near the surface of the channels. A silica crust 
nearly dominates the surface of channel D, segment 6. 

The weathered surface of both chert-cemented bodies and 
crusts forms a polished dark brown varnish. 

VERTICAl.  SEQUENCE 

A characteristic vertical sedimentary sequence is readily de- 
finable in the paleochannels. Major differences occur in channel 
A, but channels B, C, and D are similar. 

Channel A has one major sequence of fine upward (figs. 

FIGURE 14.-Planar cross-beds gently dipping toward renter of channel. Expo- F I G I I R E  16.-Scour-;1ncl-filI deposirs eup,)wd in channel C, scgmcnt 2.  Scours 
sures near base of channel A, segment 2 .  fillnl with chert prhhlcs. Raw oi photograph approxim:~tcly 1 .5  m.  
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1 9 ,  20). The lower fourth of the channel consists of coarse 
pebble conglomerate and clay nodules. This part of the channel 
is characterized by large-scale cross-beds ranging up  to 0.9 m 
high. Small-scale cross-beds of coarse sediment occur between 
many of the large-scale cross-beds. A thick section near the base 
of the channel appears to  be massive, unlayered pebble con- 
glomerate. Pebbles of the conglomerate range in size from 2 to 
3 cm in diameter but  become finer until 2-mm-diameter mate- 
rial dominates. At this level the conglomerate abruptly grades 
to sand grains. Maximum pebble size ranges between 5 and 7 
cm, and these pebbles are generally found as single fragments 
in the conglomerate. 

The  remainder of the sequence is predominately large-scale 
cross-bedded sandstone where some cross-beds are 1 m high. 
Planar cross-beds and climbing ripples commonly occur near 
the tops of the channel, but  planar cross-beds have been ob- 
served through various sections of channel C from its surface 
to  nearly the base of the channel. The  surface of channel A is 
predominately light gray, well-sorted sandstone which shows 
large-scale trough cross-beds. 

Channels B, C, and D are similar because they all have sev- 

FIGURE 17.-Sequences of graded bedding exposures in tr<)ugh cross-bed*. Small. 
er trough cross-beds in upper cmter .  

F IGURE 18.-Chert-cemented structure weathering from cross-heddcd sandstone. 
Norc rlirec-dimensional feature of stnlcture. 

era1 major fining-upward sequences. These sequences are only 
irregularly defined in the channel fills but  are readily apparent 
in the point-bar deposits (fig. 21). The  point-bar deposits 
rhythmically exhibit pebble- to sand-size material through both 
lateral and vertical sequences. In one fining-upward cycle the 
rocks exhibit both small- and large-scale cross-beds, with large- 
scale cross-beds dominating in the upper sandstone. Inter- 
bedding of single laminae of pebble conglomerate is common 
within the sandstones of both large and small cross-beds. 

The  basal parts of channels B, C, and D are similar to that 
of channel A in having a clay pebble zone. 

PALEOCHANN1:I. CHARACTERISTICS 

Factors of channel morphology influenced by the volume 
of water moving through a channel and the type of sediment 
load are width, depth, meander wavelength, gradient, shape, 
and sinuosity. 

Data collected along modern alluvial rivers in Australia and 
the Great Plains of western United States have permitted 
Schumm ( 1 9 7 2 ,  p. 99-104) to  develop empirical equations that 

FIGLIRE 19.-Graded b e d d ~ n g  nclr  b;csc of channcl A. scgmcnt 2. cxliihir* lower. 
predominarcly clay nodule zone. grilding up  into cllcrr pchhlc zone. Rasc 
of pl iotogc~ph approuim~tely I m.  
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will estimate changes in the hydrologic regimen of a stream. 
These equations also permit the estimation of paleochannel 
gradient, meander wavelength, sinuosity, and discharge from 
channel dimensions. 

Measurements of width, depth, and meander wavelength 
are easily obtained on the four major paleochannels from ex- 
posed cross sections in the channels. 

Width  and depth measurements of the Cedar Mountain 
channels were substituted in Schumm's (1972) equations, t o  
provide approximate values on wavelength, gradient, and water 
discharge for each of the paleochannels in the area of study. 
Many of the values derived form Schumm's equations are gen- 
erally not available in the rock record. Schumm (1972, p. 107) 
points out  that the equations on paleochannel character pro- 
vide only a reasonable estimate. Results of the calculations are 
recorded in table 1. These values indicate that channel width, 
depth, and meander wavelength will increase with increasing 
discharge, but  channel gradient will decrease. 

Current Direcrion 

Maps were made of cross-bed orientation in deposits of four 
channels. Channel A,  segment 2 ;  channel B, segments 5, 6, 7, 
and 8; channel C, segments 1 and 2, and channel D, segment 6 
with part of channel B, segment 1 (figs. 6, 7, 8, 9), were 
mapped. The cross-bed orientation patterns show current flow 
direction and help delineate point-bar and channel-fill deposits. 
The  direction of sediment transport in each of the four major 
channels is in the direction of increasing segment numbers. 
Rose diagrams of current directions were plotted t o  show the 
variation in direction of sediment transport along relative short 
channel reaches. The dominant or average current and sedi- 
ment transport direction for these four paleochannels are: 
Channel A-S 85' E, channel B-S 88' E, channel C-N 82' E, 
and channel D-N 8" E (fig. 2). 

Channels A, B, and C all show subparallel eastward sedi- 
ment transport. Channel D is the only one of the four major 
channels that flows in a northerly direction. Channel D is 
stratigraphically younger than the other three major paleochan- 
nels and may have started to flow northward because of local 
or regional tilting during deposition. 

TABLE 1 
Paleochannel Characteristics 

Composition and Sc~urcc Arca 

The four major paleochannels show similar modes of depo- 
sition and sediment composition of the conglomeratic sand- 
stone. Field observation shows an abundance of chert pebbles 
in the conglomerates and quartz grains in the sandstone. This 
finding was supported by thin sections made from the four 
paleochannels. A centimeter grid was selectively placed over 
two areas on each thin section, and approximately 240 counts 
were made per thin section. Standard deviation and average per- 
cent of each grain type in channels A,  B, C, and D are recorded 
in table 2. 

Chert is the most abundant constituent of the pebble con- 
glomerates. Eight to twelve percent of the pebble conglomerate 
contains fossil fragments in the chert pebbles. Fragments of the 
bryozoan Stmopora, fenestellid and twiggy cryptostome bryo- 
zoans, like the latter Arantbocladia, together with echinoderm 
and brachiopod fragments and monaxial sponge spicules of Per- 
mian age were observed in thin section. 

A bleached, white bone was found in a cherty pebble con- 
glomerate in channel C, segment 6, at  the eastern end of the 
channel. The  bone is approximately 18 cm long and appears to 
be the limb bone of a small Lower Cretaceous dinosaur (W. E. 
Miller pers. comm. 1979). 

A common source area to the west or west-southwest for 
all four paleochannels is indicated by similarities in sediment 
composition, sedimentary structures, vertical sequence, and 
common Permian fossil fragments in the chert pebble con- 
glomerates. A likely source area was the Sevier uplift that began 
in Upper Jurassic and continued through Cretaceous time 
(Hintze 1973, p. 75). The Sevier uplift trends north-northeast 
across the western part of Utah (Hun t  1956, p. 74). As the Se- 

F w d 1  s Qma Qm 
Channel (w/d)  (m) (m) (m) (m/k) (cms) (cms) 

A 5 3  32 6 480 0.28 215 20 
B 10 75 7.5 1200 0.23 510 75 
C 27.8 125 5 2935 0.37 600 80 
D 10.8 70 7 1190 0.26 1 5 5  60 

w1.56 

Q m a  = 16- 
Fffi 

where 1 = meander wavelength in rnetcrs 
F = width t o  depth ratio of channcl 
w = channcl bank-full width In merrrs 
s = channel gradient in meters per kilometer 
Qma = flow during dnnual flood in cubic meter\ per sccond 

Qm = mean annual di5charge in cubic incrcrs per x c o n d  FIGLIRE 20.-Vcrtical sequcncc ot channel A. showing m:llor xqucncc  ot ulw.~rci 
Schumm (1972) 
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vier uplift was rising, Permian beds were being eroded and 
transported to the east where they were deposited during Mor- 
rison and Cedar Mountain time (Hintze 1973, p. 63; Stokes 
1972, p. 23). 

CONCLLJSIONS 

The conglomeratic sandstone ridges in the Cedar Mountain 
Formation are of fluvial origin and have distinctive morphol- 
ogy and structure. The channel fills are divided into two major 
parts, point bars and channel-reach deposits which express dif- 
feren t erosion patterns and internal structures. Poin t-bar depos- 
its were built by lateral accretion. These layered rocks show ac- 
cretion ridges on their upper surfaces. Laterally stratification 
dips into the paleochannels at from 1" to 40'. 

The paleochannels exhibit low sinuosity, with sinuosity ra- 
tios between 1.2 and 1.5. This type of channel pattern is com- 
mon in the middle to lower transporting segment of a river 
system. 

The paleochannel characteristics were determined by for- 
mulae derived by Schumm (1968, 1972). The paleochannels had 
shallow gradients, ranging from 0.23 and 0.37 m/km. Annual 
discharge rate for the srreams that produced the channels 
ranged from 215 to 600 m3/sec. Schumm (1972, p. 101) points 
out that channel width increases with discharge, which is asso- 
ciated with large meander wavelengths. 

T A B L E  2 
C h a n n e l  Compos i t ion  

Channe l  A B C D 

G r a i n  type % d *  % d  

chert 41 4.2 47 4.6 
chert and fossils 9 3.2 11 4.2 
sil tstone 3 2 3  4 4 5  
quartz 1 0  4.3 10 4.3 
feldspar I 0.8 - - 
carbonate 6 3 2 1.2 
cement and matrlx 

- 
1 0  2 7  26 2 8  

*(d) IS chc rrandard devratlan k r w c e n  six gram counts 

The channel fills of the Cedar Mountain Formation appear 
to be the last stage of fluvial deposition of sediments trans- 
ported eastward from the Sevier uplift before the study area was 
covered by shale deposited in the transgressive Cretaceous Man- 
cos Sea. 
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